This paper deals with re-modelling of a fuzzy linear programming (FLP) for an optimal product-mix decision problem and its solution. Database of a chocolate exporting company has been used here to show the practicability of using the proposed model. The proposed model includes a non-linear membership function (MF), a logistic function, which resemblances the realistic behaviour of the solution. A software platform LINGO ® has been utilized to find the optimal solution.
Introduction
The theory of fuzzy linear programming (FLP) was developed to tackle imprecise or vague problems using the fundamental concept of artificial intelligence. Solutions to such fuzzy decision-making problems include research works of Bellman and Zadeh [1], Tanaka et al. [14, 15] , Negoita and Sularia [9], Negoita and Ralescu [10], Negoita [11] , Freeling [6], Ross [12] , Klir and Yuan [8], Yager et al. [20] , Zimmermann [24] , Chen and Chou [4] and Dubois and Prade [5] .
Buckley et al.
[3] solved multi-objective fully fuzzified LP problems. Triangular fuzzy numbers were used in their solution.
An attempt was made by Vasant [17] , Vasant and Barsoum [19] to deal with the product-mix problem of the firm Chocoman Inc [13] . The said work was simulated in MATLAB ® platform using S-curve MF. The present work is different from the prior works in a sense that it incorporates the non-linear logistic MF in the constraints of the LP model. In this work the LP model has been re-modelled in a fashion so as to get a synergistic effect in the optimized solution.
The case study
In this section we set out a non-linear fuzzy optimization problem as a case study that describes a possible situation in a chocolate exporting company.
The data for this problem have been adopted from the databank of Chocoman Inc, USA [13] . Chocoman produces varieties of chocolate bars, candy and wafer using a number of raw materials and processes. There are 'n' number of products to be manufactured by mixing 'm' number of raw materials having different proportion and by using 'k' number of different kind of processing techniques. Limitations in resources of raw materials exist. There are also some constraints imposed by marketing department such as productmix requirement, main product line requirement and lower and upper limit of demand for each product. All the above requirements and conditions are fuzzy. The objective is to formulate the linear programming model using a fuzzy S-curve MF in order to obtain optimal unit of products.
The firm Chocoman, Inc. manufactures 8 different kinds of chocolate products. There are 8 raw materials to be mixed in different proportions and 9 processes (facilities) to be utilized. The product demand, discount, profit, revenue/sales and objective coefficients are illustrated in Table 1. Table 2 depicts required materials & facility usage, and availability of the raw materials for manufacturing each of the products.
The following constraints were established by the sales department of Chocoman, Inc.: (i) Product-mix requirements: Large-sized products (250g) of each type should not exceed 60% (non fuzzy value) of the small-sized product (100 g), such that:
… (3) (ii) Main product line requirement: The total sales from candy and wafer products should not exceed 15% (non-fuzzy value) of the total revenues of the chocolate bar products, such that: 400x 7 + 150x 8 ≤ 0.15 (375x 1 + 150x 2 + 400x 3 + 160x 4 + 420x 5 + 175x 6 ) … (4)
Re-modelling the Problem
The problem of Tabucanon [13] has been re-modelled in this paper. The linear programming formulation adopts fuzzification using a non-linear membership function (MF). This MF is the logistic function described by Goguen [7] and Zadeh [21, 22, 23] .
Ce B and C are scalar constants and γ, 0 < γ < ∝ is a fuzzy parameter for measuring degree of imprecision. The logistic MF is modified and redesigned in the following fashion so as to fit into the LP model. This MF behaves like a S-curve.
For further details on this modified MF as well as the logistics MF readers are referred to Vasant et al. [16, 18] , Vasant and Barsoum [19] and Bhattacharya and Vasant [2] .
The following FLP is constructed using the modified S-curve MF: 
Discussion and Conclusion
It is understood from Tables 3 and 4 that a decisionmaker has many choices open in his/her hand. Both the Tables 3 and 4 illustrate sensitivity of the judgement of a decision-maker while making a product-mix decision of the chocolate manufacturing firm. Therefore, trading off the fuzziness values (γ) as well as the degree of possibility (µ) of the choices will make the DM to apply an ample judgement under this unstructured environment. 
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